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Abstract
Introduction: Whether invasive plants stimulate or inhibit the soil microbial diversity is still an open question. Despite
large-scale invasion by Conyza sumatrensis (Retz.) E. Walker in the urban ecosystems of the Srinagar city of the Kashmir
Himalayan region, limited information exists on its impact, particularly, on the belowground microbial diversity.
The present study was thus conducted to compare the soil microbial (bacterial and ascomycetous fungal) diversity
between the sites invaded by C. sumatrensis and un-invaded (control) sites.
Methods: Soil metagenome was extracted from C. sumatrensis invaded and un-invaded plots at the three study sites.
A total of six plots (5 × 5 m each in size), including three invaded by C. sumatrensis and three un-invaded plots were
nested within each study site. DNA after amplification was subject to denaturing gradient gel electrophoresis (DGGE);
the bands were extracted from the DGGE gel, re-amplified, and sequenced for identification of the species.
Results: The number of bacterial species was reduced in the invaded plots at two out of the three sites while as it was
relatively higher in the un-invaded plots with many species exclusively found in these plots. Fungal species richness
was higher in the invaded plots compared to the un-invaded plots at all the three sites. Also, more fungal species were
found to occur exclusively in the invaded plots without being represented in the un-invaded plots.
Conclusions: Invasion by C. sumatrensis alters soil microbial community structure in the urban ecosystems in the
Kashmir Himalaya. How this species does so and what benefits does it draw from such alteration promise to be an
interesting future discourse.
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Introduction
Biological invasions are feared to become fiercer in the
near future due to substantial rise in the global trade
and transportation, which means that the ecosystems as
well the economies in many countries would be at a
higher risk of harm in the coming years (Perrings et al.
2005; McCullough et al. 2006). Thus, studies on invasive
plants and animals become all the more important in
the present scenario. The first step in the control of such
species is to identify the species with the greatest impact
(Lavoie 2010). Invasive species are causing havoc in
urban ecosystems as the developing cities make rather
the preferred habitats for such plants which being
mostly ruderal are capable of rapid colonization in dis-
turbed habitats (Dar et al. 2015). While the effects of
plant invasions on the aboveground species diversity are
well studied (e.g., Marchante et al. 2008; McKinney and
Lockwood 1999; McKinney 2004; Rooney et al. 2004;
Taylor et al. 2004; Shah et al. 2014a) largely in natural
systems, studies dealing with the impact of invasive plant
species on belowground microbial diversity in urban
ecosystems are very rare. Notwithstanding cryptic nature
of soil microbes and some methodological limitations
for their study (Li et al. 2006), major changes in the
composition and function of soil communities due to
plant invasions have been reported with significant influ-
ence on soil C and nutrient dynamics (Bohlen 2006;
Ehrenfeld 2003; Kourtev et al. 2002; Wolfe and
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Klironomos 2005; Yelenik et al. 2004). For instance, a
meta-analysis by Liao et al. (2008) revealed large in-
crease in the pool sizes of aboveground and below-
ground C (133 and 5 %) and N (86 and 112 %) due to
plant invasion and so was the case with litter and soil C
pools as well. Not only did C and N content increase in
plants but such an increase was also recorded in soil
and soil microbes (Liao et al. 2008). Interactions of
alien invasive species with soil sub-system in their non-
native range may facilitate not only their own establish-
ment and spread but also invasion of by other species
as well, a phenomenon known as “invasion meltdown”
(Simberloff and Von Holle 1999).
Conyza sumatrensis is an annual herbaceous member
of sunflower family (Asteraceae), native to South America
with rather cosmopolitan distribution and tendency to be
invasive in many regions including Kashmir Himalaya,
India. The rapid range expansion of this ruderal species
locally may be attributed to the production of a large
number of small, wind-dispersed seeds, ranging to over
200,000 seeds per plant (Sansom et al 2013), high resist-
ance to diseases, herbivory, and herbicides (Santos et al.
2014a, 2014b). It is pertinent to mention that recent trans-
continental comparison of the impact of Conyza based on
field studies, greenhouse experiments, and individual-
based models revealed its strong suppressive impact on
native plant diversity in non-native regions but not at
home (Shah et al. 2014a). Very recently, Shah et al. (2015)
showed that Conyza harbors more arbuscular mycorrhizal
diversity in native range than non-native range. Whether
such patterns in the impacts of Conyza hold true for the
other belowground communities as well is still an open
question. To evaluate the impact of C. sumatrensis on
soil bacterial and fungal communities, we used the
high-throughput technique of denaturing gradient gel
electrophoresis (DGGE). DGGE is one of the important
approaches to study the shifts in soil microbial commu-
nities subject to various kinds of stresses. As such, this
technique has been used in several studies carried out
to assess the impact of invasive plant species on soil
microbial community (e.g., Nie et al. 2010; Yannarell
et al. 2011; Zhang et al. 2010). The fundamental ques-
tion asked in the present study was whether or not C.
sumatrensis alters soil microbial communities in the
urban ecosystems of the Kashmir Himalaya.
Methods
Study species
C. sumatrensis, native to South America (Anastasiu and
Memedemin 2011; Santos et al. 2014a, 2014b), com-
monly known as tall fleabane or broad-leaved fleabane,
is a cosmopolitan species and is found frequently in
abandoned fields, roadsides, and waste areas (Hao et al.
2009). It is widespread throughout the USA, Western
Europe, and around the Mediterranean Basin (Thebaud
and Abbott 1995) and also occurs in central Africa,
Australasia, Central America, and Japan (Sansom et al.
2013). In the Kashmir Valley, the plant species is found
mostly in ruderal (disturbed) habitats within the altitud-
inal range of 1600–2500 m asl. The plant is an annual
herb, 1–2 m tall. The root is short, tap root with a sec-
ondary fibrous system. The seedlings develop a basal
rosette which deteriorates after stem begins to elongate.
The leaves are 4–10 cm in length and 5–12 mm width
and are grayish green in color. The leaves become pro-
gressively smaller up the stem. The flower heads are small
inconspicuous and occur at the top of the central stem.
The fruit is an achene, 1-mm long tapered from the base
to the apex. Each plant produces over 200,000 wind-
dispersed seeds ensuring wide dispersal of the species.
Soil sampling
All the three sites (site I, site II, and site III) invaded by
C. sumatrensis were located in an urban setup—the Sri-
nagar city of J and K State in India (34.0897° N, 74.7900°
E; 1600 m asl). At each site sub-sites (plots, 5 × 5 m each
in size) invaded by C. sumatrensis and those not invaded
by it (now on referred to as un-invaded/control plot)
were demarcated. Invaded and un-invaded plots at each
site were roughly 10 m apart. Ten replicate soil cores
(3 cm diameter), from a depth of about 10 cm, were
drawn from invaded and un-invaded plots from each of
the study sites. At each site, soil from the replicate cores
was mixed to constitute a composite sample. The soil
was sieved through 2-mm mesh and stored at 4 °C till
the analysis was done. The structural analysis of the
sampled soil was carried out at the Molecular Biology
Laboratory, Centre for Forest Research, Université Laval,
Quebec, Canada.
DNA extraction
DNA was extracted from 0.25 g of soil using MoBioPo-
werSoil® DNA Isolation Kit following manufacturer’s
protocol (Medicorp Inc., Montreal, Quebec, Canada). The
DNA after extraction was stored at −20 °C. For amplifying
bacterial 16S ribosomal RNA (rRNA) gene, universal bac-
terial primers 907r (Lane et al. 1985) and 358f (Muyzer
et al. 1993) were used. Universal eukaryotic primer ITS1
(White et al. 1990) in combination with ITS4A (Gardes
and Bruns 1993) was used for amplifying soil Ascomycete
DNA. The GC-clamped versions of 358f and ITS1
were used to stabilize migration of PCR amplicons in
DGGE gel.
PCR conditions for bacteria
PCR reaction for bacterial amplification was run in final
volume of 16 μL. Each 16 μL reaction mixture contained
1× reaction buffer, 1.25 mM MgCl2 (Roche Applied
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Science, Laval, Quebec, Canada), 0.2 mM dNTPs (GE
Healthcare, Baied’Urfe, Quebec, Canada), 0.3 mM each
of the two primers (907r-GC and 358f) (Invitrogen,
Burlington, Ontario, Canada), 400 ng non-acetylated
BSA (New England Bioloabs, Mississauga, Ontario,
Canada), and 0.025 uTaq DNA polymerase (Feldan Bio,
Montreal, Quebec, Canada) per μL reaction mixture.
PCR was carried out at following conditions: initial de-
naturation at 94 °C for 5 min, followed by 94 °C for
1 min; annealing at 55 °C for 1 min; and elongation at
72 °C for 3 min and a final elongation at 72 °C for
10 min pause at 4 °C. The 25 PCR cycles were run for
amplification in Eppendorf Master Cycle EpGradient S
thermal cycler (Eppendorf Canada, Burlington, Ontario,
Canada). The amplification products were quantified
using Gene Tools software from SYNGENE (Invitrogen,
Burlington, Ontario, Canada).
PCR conditions for fungi
PCR reaction was carried out in final volume of 15 μL.
Each 15-μL reaction mixture contained 1× reaction
buffer (Feldan Bio, Montreal, Quebec, Canada), 0.25× BS
(Feldan Bio, Montreal, Quebec, Canada), 0.2 mM dNTPs
(GE Healthcare, Baied’Urfe, Quebec, Canada), 0.5 μL
each of the two primers ITS1-GC, ITS4A (Invitrogen,
Burlington, Ontario, Canada), 1 μL DNA template, and
1 μ per reaction of taqDNA polymerase (Feldan Bio,
Montreal, Quebec, Canada). For amplifying fungal DNA
touchdown, PCR with the following cycling conditions
was used: 94 °C for 4 min; 94 °C for 1 min; 60 °C for
1 min; and 72 °C for 1 min with 0.5 °C decrease in every
cycle for 10 cycles, followed by 94 °C for 1 min, 54 °C
for 1 min, and 72 °C for 1 min pause at 4 °C. The reac-
tion was carried out in MJ Research PTC-225 Peltier
Thermo Cycler.
Denaturing gradient gel electrophoresis
Following PCR, the amplification products were loaded
on to a DGGE gel using Decode system (Bio-Rad Labora-
tories Inc.). Vertical polyacrylamide gel (8 % v/v, 1 mm
thick) was prepared using a gradient maker from Bio-Rad
Laboratories Inc. A mixture of 7 M urea and 40 % form-
amide was defined as 100 % denaturant (Muyzer et al.
1993). Fifteen microliters of the PCR product containing
500 ng of amplified DNA and 3 μL of bromophenol blue
was loaded to the gel using capillary pipette tips. Ampli-
fied bacterial DNA using 907r and 358f primer pair was
run on a denaturing gradient of 30–70 % for 16 h at 80 V
and 60 °C in 1× TAE. Ascomycete DNA amplified with
ITS1 and ITS4A primers was run on denaturing gradient
of 35–50 %. Gel strength, run time, run temperature, and
voltage remain unchanged. Migration patterns were visu-
alized by staining the gel with 1:10,000 (v/v) SYBR Gold
(Invitrogen, Burlington, Ontario, Canada) in 1× TAE for
30 min followed by de-staining for the same period
on a wavedancer. Images were documented under UV
transillumination with the Gel Doc System (Bio-Rad
Laboratories Ltd., Mississauga, Ontario). Micropipette
tips (2–200-μL capacity) were used to prick bands on
gel (band pricking). To avoid cross contamination of
the bands, tips were placed in PCR tubes containing
5 μL Gibco water only after a single contact with gel
and the PCR tubes with an overlying cellophane sheet
were put at 4 °C overnight. The following day, a pipette
was used to mix the contents by sucking the liquid into
and out of yellow tips into the PCR tube. The empty tips
were then discarded and 1-μL water from the PCR tubes
was used to run a second PCR cycle.
The specifications for second PCR cycle in case of
fungi were initial denaturation at 94 °C for 4 min;
followed by 30 cycles for 94 °C for 1 min; annealing at
58 °C for 1 min; extension at 72 °C for 1 min; final
elongation at 72 °C for 10 min; and pause at 4 °C. PCR
conditions for second amplification cycle in case of bac-
teria and the DNA extraction from the DGGE gel (band
pricking) remained unchanged. Primers used for the sec-
ond PCR (re-amplification) cycle in case of both, fungi,
and bacteria were without GC clamps. The amplification
products were quantified using Gene Tools software
from SYNGENE, and 10 μL of amplification product
containing 5 ng of amplicon was sequenced at Biomolec-
ular Analysis Platform of Université Laval. Due to poor
sequence results, some bands in case of bacteria could
be not identified and as such were left out.
Data analysis
The rRNA gene sequences (16S in case of bacteria and
18S in case of fungi) were submitted for comparison to
the Gene Bank databases using the BLAST algorithm
(Altschul et al. 1990). The sequences were then aligned
with their closest relatives using ClustalW. Phylogenetic
trees (neighbor-joining algorithm) were constructed using
MEGA software (version 5) (Tamura et al. 2011). The
robustness of inferred topologies was tested by 1000 boot-
strap re-samplings of the neighbor-joining data.
To study the similarity of sampling sites with re-
spect to their bacterial and fungal diversity, Jaccard’s
similarity index (JSI) (Jaccard 1912) was used. JSI was
calculated as:
a
aþ bþ c 100
where a is number of species common between invaded
and un-invaded sites, b is number of species unique to
invaded site, and c is number of species unique to
un-invaded site.
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Results
Bacteria
In case of bacteria, a total of 106 bands were seen on
the gel (Fig. 1) which belonged to 57 different species
(for presence/absence of bands, frequency, and other in-
formation please see Additional file 1: Table S1a, b).
Site-wise analysis reveals that 27 species of bacteria were
obtained from site I of which 12 occurred in the invaded
plots and 18 in the un-invaded plots, three species were
common between invaded and un-invaded plots whereas
nine species were unique to the invaded plots and 15
species were unique to the un-invaded plots (Fig. 2a). JSI
was calculated for invaded versus un-invaded plots based
on the identified species which for the site I was of the
order of 11.11 %.
Of the 31 species recorded at site II, invaded and un-
invaded plots harbored 17 and 19 species, respectively,
while five species were shared between them. Twelve
bacterial species were exclusive to invaded plot sand 14
were restricted to the un-invaded plots (Fig. 2b). JSI was
16.13 %. At site III, 31 bacterial species were recorded;
invaded and un-invaded plots harbored 20 species each.
Only nine species where common between the invaded
and un-invaded plots with 11 bacterial species unique in
each case (Fig. 2c). JSI was higher for site III (29.03 %)
in comparison to the other two sites.
The bacterial DNA amplified from the study sites
grouped mainly into Sphingobacteria and Alphaproteo-
bacteria. No phylogenetic group, however, was distinct-
ively favored or inhibited by C. sumatrensis invasion. At
all the three sites, the bacterial groups that were shared
between invaded and un-invaded plots were not present
in the same abundance at the two kinds of plots, e.g.,
Sphingobacteria formed 34 % of the identified sequences
in the invaded plots but only 16 % in the un-invaded
plots; Betaproteobacteria which formed 13 % of the total
identified sequences in the invaded plots formed only
8 % in the un-invaded plots. Cyanobacteria were found
in the invaded plots whereas Acidobacteria occurred
exclusively in un-invaded plots.
Fungi
In respect of fungi, the total number of bands obtained
on gels was 60 which comprised 35 different species
(Fig. 3) (for presence/absence of bands, frequency, and
other information please see Additional file 1: Table S2a, b).
Fig. 1 DGGE analysis of 16S ribosomal DNA (rDNA) fragments amplified from rhizospheric soil of Conyza sumatrensis at the three urban invaded
sites and their respective un-invaded controls
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The number of species belonging to Ascomycetes recorded
from the site I was 17 of which 12 were reported from the
invaded plots and seven from un-invaded plots; two species
were found to be common between invaded and un-
invaded plots. Ten species were restricted to invaded plots
whereas five occurred exclusively in un-invaded plots
(Fig. 4a). JSI was found to be 11.76 %. At site II, seven spe-
cies were recorded from the invaded plots and six from un-
invaded plots and one species was common between
invaded and un-invaded plots. Thus, the total number of
species at this site was 12. Six species occurred only in in-
vaded plots and five species only in un-invaded plots
(Fig. 4b). JSI for the site II was 8.33 %. Twenty-five species
were recorded from site III, 16 from invaded plots, and
12 from un-invaded plots; three species were common
between invaded and un-invaded plots whereas 13 and
9 species were unique to invaded and un-invaded plots,
respectively (Fig. 4c). JSI for the site was 12.0 %.
The species composition of invaded and un-invaded
plots was found to be distinct (Fig. 4a–c). Among the
six species of Davidiellaceae, only two, namely Cladospor-
ium pseudocladosporioides and Cladosporium xylophilum,
were common between invaded and un-invaded plots;
others occurred exclusively in the un-invaded plots. Like-
wise, three species of Pleosporaceae, out of a total of five
members, occurred only in C. sumatrensis invaded plots
and both the members of Mycosphaerellaceae were
also found only in the invaded plots. Peziza subcitrina
(Pezizaceae), Paraphoma chrysanthemicola (Phaeosphaer-
iaceae), and Penicillium sp. (Trichocomaceae) were also
confined to invaded plots. Pleosporaceae was more species
rich in the invaded plots where three species of this
family occurred. Likewise, members of Mycosphaerella-
ceae, Phaeosphaeriaceae, Trichocomaceae, and Ascobola-
ceae were exclusive to plots invaded by C. sumatrensis. As
in case of bacteria, the abundance of those fungi that oc-
curred in both invaded and un-invaded plots also varied
between these plots. While Davidiellaceae included only
8 % of the total of 24 identified species in the invaded
plots, it represented 40 % of the total identified species in
the un-invaded plots. Pleosporaceae represented 20 % of
the identified species in the invaded plots but only 13 % in
the un-invaded plots. In contrast to exclusive occurrence
of certain species to either invaded or un-invaded plots,
the only representative of Myxotrichaceae occurred in
both invaded and un-invaded plots. Didymellaceae was




Fig. 2 Neighbor-joining tree representing the phylogenetic relationships
of bacterial OTU sequences from the plots invaded and un-invaded by
Conyza sumatrensis at site I (a), site II (b), and site III (c). The number of
bootstrap replications was fixed at 1000. 0 = species in the un-invaded
plot; 1 = species in the invaded plot; and * = species common between
invaded and un-invaded plots
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Didymella phacae occurred in invaded plots while the
other Leptosphaerulina americana was common to in-
vaded and un-invaded plots.
Discussion
Our results revealed that C. sumatrensis alters soil mi-
crobial diversity in the invaded urban ecosystems of
Kashmir Himalaya. Though we expected this species to
reduce the soil microbial diversity because Conyza is
known to decrease significantly the aboveground diver-
sity (Shah et al. 2014a), the results obtained were rather
inconsistent. For instance, while the diversity of bacteria
was less at two of the three invaded sites, at the third
site, the number of species at invaded and un-invaded
plots was not different, though the nature of species was
considerably different. Whether Conyza-driven decrease
in native plant species richness in non-native ranges but
not at home (Shah et al. 2014a) may be linked to alter
belowground microbial species diversity in Conyza in-
vaded vs. un-invaded plots needs further investigation.
However, overall decrease in the number of bacterial
species and number of species occurring exclusively in
invaded plots as compared to that in un-invaded plots,
at least at two sites, is indicative of the influence of
aboveground diversity on belowground diversity. In an
earlier study, soil bacterial diversity has been shown to
be reduced following invasion by Flaveria bidentis (Yan
et al. 2011) and significant difference in the diversity
between invaded and un-invaded stands has also been
reported (Yannarell et al. 2011). Findings of the present
study contradict the viewpoint that bacteria which occur
inside soil aggregates and other small pores associated
with clay particles may not be subject to fluctuations of
microclimate in their habitat (Blankinship et al. 2011;
Bushby and Marshall 1977; Denef et al. 2001; Hattori
1988) and, therefore, may not be influenced much by the
alterations in their environment.
In contrast to bacteria, the fungal diversity was posi-
tively influenced by Conyza invasion. At site I, invaded
plots recorded 12 species with 10 species occurring
exclusively in these plots whereas un-invaded plots re-
corded seven species with only five species exclusive to
them. The total number of species was seven and six
and the number of species occurring exclusively in
invaded and un-invaded plots six and five, respectively,
at site II. For site III, the total number of species and the
number of unshared species at invaded and un-invaded
plots were 16 and 13 and 12 and 9, respectively. In a
Fig. 3 DGGE analysis of 18S rDNA fragments amplified from rhizospheric soil of Conyza sumatrensis at the three invaded sites and their respective
un-invaded controls
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Fig. 4 Neighbor-joining tree representing the phylogenetic relationships of fungal OTU sequences from the plots invaded and un-invaded by Conyza
sumatrensis at site I (a), site II (b), and site III (c). The number of bootstrap replications was fixed at 1000. 0 = species in the un-invaded plot; 1 = species
in the invaded plot and * = species common between invaded and un-invaded plots
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recent study, invasion by Chromolena odorata was re-
ported to increase fungal biomass (Xiao et al. 2014).
However, contrary to the observations in the present
study, fungal diversity has been reported to decrease
after Centaurea maculosa (Broz et al. 2007; Klein et al.
2006; Lutgen and Rillig 2004; Mummey and Rillig 2006)
and Alliaria petiolata invasion (Callaway et al. 2008).
Shah et al. (2014b) found that Conyza draws positive
feedback from soil biota and this contributes towards its
invasiveness.
Microbial community composition in the rhizosphere
is affected by a complex interaction between soil type,
plant species, and root zone location. Besides, allelop-
athy could profoundly influence the interactions of a
species with its neighbors. The allelopathic arsenal of
Conyza includes a variety of phenolic compounds like
vanillic acid, catechol, gallic acid, and syringic acid in
addition to growth promoters like phytohormones
(Shaukat et al. 2003). The free phenol content increases
steadily from flowering to fruiting stages in this Conyza
species (Djurdjević et al. 2012). Phenols stimulate micro-
bial growth at lower concentrations and inhibit it at
higher concentrations (Qu and Wang 2008). For ex-
ample, Achromobacter species can be grown in 0.1 %
phenol; however, higher concentrations may be inhibitory
for growth or may even kill the bacteria (Czekalowski and
Skarzynski 1948). Phenols affect membrane potentials and
membrane permeability (Denyer 1995). Phenols may dir-
ectly influence nutrient turnover and microbial activity
and biomass (Wardle et al. 1998) reducing abundance of a
species or causing complete disappearance of a species,
thereby, disturbing the existing microbial biodiversity
(Hussain and Reigosa 2011; Hussain et al. 2011; Djurdjević
et al. 2011; Djurdjević et al. 2012). Bacteria and fungi differ
in their tolerance to phenolic compounds; many fungi are
known to utilize phenols as a carbon source (Ander and
Eriksson 1976). Thus, the results in the present study,
to a great extent, can be explained on the basis of ef-
fects of phenols on soil microbial community members
besides trait differences between native and invasive
plant species, as the difference in the quality, quantity,
and timing of organic matter inputs has consequences
for soil food web (Wardle et al. 2004), including taxo-
nomic or functional diversity within major groups of soil
organisms. In conformity with our results, several earlier
workers (e.g., Callaway et al. 2004; Jordan et al. 2008; Kao-
Kniffin and Balser 2007; Reinhart and VandeVoort 2006;
Sanon et al. 2009) have reported altered microbial com-
munity structure following plant invasion. It appears,
however, that invasive plants may not necessarily cause
biotic homogenization below ground which is so well
marked an effect of these plants above ground. Character-
istics of the invasive plant, its stage of growth, and charac-
teristics of the site invaded manipulate the outcome of
invasion (Belnap and Philips 2001, Bolton et al. 1990;
Evans et al. 2001; Meyerson et al. 2000; Scott et al. 2001;
Stock et al. 1995). Hence, the need for studying the
phenomenon of invasion in diverse ecosystems involving
different invasive species to have a better understanding of
the impact of invasive plants on ecosystem structure and
function, especially with reference to belowground micro-
bial communities cannot be overstressed.
Conclusions
Overall, our results allow us to conclude that C. suma-
trensis does alter the soil microbial diversity in the
invaded habitats. Not only it reduces the bacterial spe-
cies diversity in invaded plots but also some bacterial
species are characteristically restricted only to plots in-
vaded by this species. Similarly, fungal species richness
was also higher in the invaded as compared to the un-
invaded plots at all the three sites with some species
restricted exclusively to the invaded plots. Unraveling
the mechanism of how C. sumatrensis changes soil mi-
crobial communities and whether it draws these com-
munities to its advantage at the cost of native species
promises to be an interesting future discourse. Equally
interesting is to understand how this invasion-induced
change in soil microbial community composition influ-
ences native plant species in the invaded urban ecosystems.
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